Changing epidemiology of Hepatitis A virus (HAV) has led to an increased susceptibility of adolescents and adults to the infection. Vaccination can remarkably reduce the incidence and associated morbidity of HAV infection. This review is focused on the safety and efficacy of H2 strain derived live attenuated Hepatitis A vaccine. We found the vaccine to be highly immunogenic with minimal or negligible safety issues. Moreover, a single dose of live attenuated vaccine persists a long term immune response and can be a preferred option for developing countries. In 2014, Indian Academy of Paediatrics (IAP) also updated their recommendations for H2 vaccine as a single dose as against the previous 2 dose schedule. A focused approach to include the vaccine in national immunization program should be explored.
Introduction
Hepatitis A is the most common form of acute viral hepatitis worldwide. Outbreaks of hepatitis A have been recognized for centuries, affecting both military and civilian populations. It was first described by Hippocrates as an epidemic jaundice. 1 For some time after its identification, Hepatitis A virus (HAV) was thought to be an enterovirus. In 1991, it was sub classified as a member of the Hepato virus genus of the family Picornaviridae. HAV has a small non-enveloped structure with a single-stranded RNA. It is thermostable (up to 60 C) and acid-resistant. The virus has only one serotype but multiple genotypes. 2 HAV is commonly reported in conditions of poor hygiene and sanitation. It spreads through the fecal-oral route. After ingestion, the virus enters the blood stream through the epithelium of the gastro-intestinal tract and reaches the liver. It replicates in the hepatocytes and Kupffer cells and the virion is excreted into the intestine through bile. The replication process of HAV alters the liver function, causing an immune response and liver inflammation. 3 The relative frequency of symptomatic hepatitis and asymptomatic infection has been reasonably well characterized and appears to be strikingly age dependent. 4 About 50% of the children with HAV infection aged less than 6 y fail to show noticeable symptoms of the disease although remaining have mild manifestation, often not evaluated as hepatitis. It was reported that children with hepatitis A aged below 4 y (5%) and 6 y (10%) have less tendency of developing jaundice, while this tendency increases by 75% when an adolescent moves into adulthood. However, sporadic infection with HAV can lead to acute liver failure (in approximately 0.2% of clinical cases). 5 
Epidemiology of HAV
There has been a significant change in the epidemiology of hepatitis A virus (HAV) infection over the past few years. The epidemiological studies demonstrated that the sero-prevalence of anti-HAV antibodies ranged from15% (in the Nordic countries) to about 100% in different parts of the world. Globally, 1.5 million cases of HAV infection are reported each year. 6 In other parts of Europe and Australia, Japan and in the United States, 40%-70% of the adult population has demonstrable antibodies to HAV. Practically, all the adults living in the developing areas of the world have a serological evidence of past infection. For practical purposes, the world can be divided into areas of very low, low, intermediate and high endemicity based on sero-prevalence where high implies 90% seropositive individuals by age 10 years; intermediate 50% seropositive individuals by age 15 years, with <90% seropositive individuals by age 10 years; low 50% seropositive individuals by age 30 years, with <50%seropositive individuals by age 15; and very low <50% seropositive individuals by age 30 y. 7 As per the position paper published by the World Health Organization (WHO) in 2012, the frequency of hepatitis A occurrence and socioeconomic development are directly related to each other. 6 The improvement in public health measures, socioeconomic status (SES) and sanitation measures are the main causes that has led to a shift in the age at which the infection occurs. There is an increase in the average age of infection making older children and adolescents more susceptible to infection. 8, 9 Recent epidemiological studies conducted across India and China also show a trend of change in the epidemiology of HAV. In the recent years, there is a shift from high to intermediate endemicity of HAV infection owing to local SES and improvement in public health parameters. [10] [11] [12] The sero-prevalence in China and India as reported in different studies. [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] In China, a decrease in HAV incidence was reported from 359.7/100,000 (1992) to 17.7/100,000 (2009), which is approximately a 93% decrease from 1992 to 2009. 27 In India, Arankalle and colleagues studied age-related seroprevalence of HAV across 4 different metros of the country and concluded that the sero-prevalence in children of age group 6-10 (50.3%) year was significantly higher (P D 0.000) than in 18 months to 6 y (30.3%) age group. Further, the study found that SES and educational status of the parents were significantly associated with HAV seropositivity (P D 0.000 for both). An increase in sero-prevalence was observed with an increase in age in all SESs (P<0.000-0.001 for all) except upper SES (P D 0.124). 28 Thus, it is summarized that even though countries moving quickly from high to intermediate endemicity may be a good marker of SES development, it may pose a risk to the pockets of seronegative subjects leading to outbreaks. While HAV infection does not have a mainstay treatment and is managed supportively, vaccination stands out as the best possible preventive measure.
Numerous hepatitis A vaccines have been introduced in the market after successful isolation of HAV in 1979. Broadly, there are 2 types of hepatitis A vaccines available globally; formaldehyde inactivated vaccines (commonly used) and live attenuated vaccines (manufactured in China). 29 Many research studies have been published about inactivated vaccines in the international literature and inactivated vaccines are well accepted and acknowledged. The live attenuated H2 strain vaccine (H2 vaccine) apart from its country of origin, China, has been available in India for over a decade and is now available in Thailand, Philippines, Guatemala and Bangladesh. The vaccine is available by the brand name of Zhepu in China and Biovac-A (Wockhardt Ltd.) in India. While this vaccine has proven to be safe and effective even with a single dose and supported with a lot of short term and long-term studies, much of the data is either scattered or published in Chinese. Moreover, there is no single article that reviews the studies on live attenuated H2 strain vaccine from India. The objective of this article is to summarize the various landmark studies on this vaccine establishing its safety and efficacy. This is important for the clinicians as Indian Academy of Paediatrics (IAP) has recently updated their recommendations for H2 vaccine as a single dose as against the previous 2 dose schedule.
Vaccine development and properties
A program aiming to develop a live attenuated vaccine was set up in China in 1980. The attenuated H2-strain of HAV was isolated from the feces of a 12 y old patient with Hepatitis A and cultured in a monolayer of newborn monkey kidney (NMK) cells in 1982. 30 The virus was passed serially in monolayer NMK cells and preserved in liquid nitrogen for 15 passages at 35 C, followed by 5 passages at 32 C. It was subsequently adapted to grow in a culture of human embryonic lung fibroblast tissue (KMB17) at 32 C and was carried out through an additional 4 passages in KMB17 cells at that temperature. The experimental candidate vaccine was made from the master seed virus (H2 attenuated strain) by 2 additional passages in KMB17 cells. The vaccine was then evaluated with a series of preclinical studies, in-vitro and animal studies in monkeys, for sterility, safety and immunogenicity. 31 The data of the studies was reviewed by the experts committee on Certification of Biological Products, Beijing and the vaccine finally received an approval for testing through human trials. 30 
Immunogenicity and efficacy of live attenuated Hepatitis A Vaccine
One of the earliest human trials was conducted in a small sample size; wherein a total of 12 subjects (8 women and 4 men), 18-27 y old, seronegative for HAV and Hepatitis B at baseline and termed healthy based on physical examination and liver enzymes {serum glutamic-pyruvic transaminase (SGPT), type 5 isoenzyme of lactate dehydrogenase (LDH 5 ) and iso citrate dehydrogenase (ICD)} were recruited for the study. The subjects received a subcutaneous single dose of vaccine (10 6.5 TCID 50 /mL) in 1 mL volume. These subjects were monitored daily with physical examination for up to 6 weeks and blood samples were monitored until 20 weeks since vaccination. Except for one subject who recorded a temperature of 37.6 C on day 10 post-vaccination, all the other subjects recorded a body temperature of <37.5
C throughout the follow-up. The serum samples also revealed liver enzymes within the normal range. All the 12 subjects were found to have seroconverted with a mean onset at 3 weeks post-vaccination. The enzyme linked immunosorbent assay (ELISA) competitive test titers of antibodies ranged from 1:2 to 1:8 at 20 weeks (Geometric Mean Titers, GMT at 20 weeks D 3.48 C 1.35 mIU/mL). A follow up study of one year in 10 of these subjects revealed that the GMT continued to be persistent above the minimum requisite levels. Stool samples (n D 30) from 4 of these subjects were collected from day 8-30 post-vaccination and after concentration were found to be negative for hepatitis A antigen (HAA). The samples were then cultured in KMB17 and the virus could be recovered from 3 of the 4 subjects, indicating that the attenuated HAV is excreted in stools although not as much as the wild type virus. 30 Following the above study, the same dose of vaccine was then administered subcutaneously to 127 children (4-12 years old) in a 0.5 mL volume. During 8 weeks follow up, none of the children showed any abnormal findings on physical examination and their liver enzymes continued to be within the normal range. All the children showed a seroconversion of antibody to HAV at fourth week, when the first blood sample was drawn. These two studies suggested a good immunogenicity of this vaccine with minimal side effects in humans (Table 1) . 30 Mao et al. conducted a series of studies trying to identify the possibility of transmission of the live attenuated vaccine from vaccinated to the non-vaccinated subjects. In the first such study, 141 primary school children were vaccinated with a single dose of the vaccine and 87 close contacts (classmates) were followed up for any sign of seroconversion at fifth and eleventh months. During follow up, while there was 100% seroconversion seen in the vaccinated children, the antibody titer remained negative for the close contacts. 25 In the second part of the study, 222 seronegative students from a primary school were randomly allocated to receive a single dose (10 6.5 TCID 50 ) of live attenuated (H2) strain HAV vaccine either orally (n D 101) or subcutaneously (n D 121). At three months of follow up, there was a seroconversion of 99.2% (120/121) in the subcutaneous group whereas not a single subject seroconverted in the oral group (0/101) indicating a significant difference in the route of administration (P < 0.001). 25 In 1987, one of the largest safety studies was initiated by Zhang et al.; a total of 3089 healthy subjects between the ages of 4-27 y were vaccinated with a single subcutaneous dose. None of the recipients developed any local or systemic reaction during a 42-day follow-up after vaccination. The serum enzyme activities, including SGPT/ALT and LDH5, were within normal range during the 4 to 16 weeks of serial tests after vaccination. Seroconversion occurred at a mean time of 2 to 5 weeks after inoculation, and the seropositive rate was 95.6%. 32 In one of the large immunogenicity studies conducted by Cheng et al. 11,451 subjects were vaccinated subcutaneously with a single dose of H2 strain vaccine. A quick antibody response was noted within 2-5 weeks with a seroconversion rate of 92.9% indicating a good immunogenicity of the vaccine. 33 Based on the rigorous phase I to phase III trials from 1989 to 1991 conducted in China, the H2 strain vaccine received a marketing authorization from the Ministry of Health of People's Republic of China in 1992. 30 Since the launch of the vaccine, long term follow-up studies that ranged in duration from 4 to 15 y have been conducted across various regions of China. One of the first of its kind, conducted by Mao et al. aimed to evaluate the protective efficacy of H2-strain vaccine over the duration of 4 y. The study was carried out in Shaoxing County of Zhejiang province which reported morbidity associated with hepatitis A of around 150/100000 during 1980s. From September 1989 to September 1993, 6298 children from 11 primary schools were voluntarily vaccinated with the H2 strain vaccine. The controls in this study were the unvaccinated subjects from these 11 schools as well as other schools in the country. During the 4 y, no case of Hepatitis A was reported among the vaccinated group where as a significant number of cases (n D 495) were reported in the control group (P < 0.001). 25 Another long-term study was conducted by Zhuang et al. to observe the immunogenicity of the vaccine. Overall, 220 children aged 1 to 3 y were vaccinated with a single dose of live attenuated hepatitis A vaccine and followed up for 10 y for immunogenicity. The seroconversion at 6 months was observed to be 98.6% and was 80.2% after 10 y. 34 The GMT levels were 128 mIU/mL even 5 y after follow up. This cohort reported a seroconversion of 81.3% after 15 y that was significantly higher than the required protective level of 20 mIU/mL as recommended by the WHO experts. 24 Zhao et al. studied the protective efficacy of H2-strain vaccine during the hepatitis A outbreaks. Following the informed consent from the parents, 5551 children (cohort of pre-school and grade 1-3 primary school age group) from Hebei Province of China, were vaccinated with a single dose of H2 strain vaccine in May 1997. Another 6485 children of the same age and similar demographics were observed as controls. In May 1998, an outbreak of hepatitis A in the province which lasted for about 80 d was reported. The protective efficacy of H2 strain vaccine during this outbreak was 95.27%. 35 In 2004, H2 strain vaccine received a marketing authorization in India based on the robust clinical data that supported it. Since the launch of the vaccine, there have been 3 single arm studies conducted; of which 2 were long term. 17, 36, 37 Bhave et al. in 2004 initiated an open labeled, non-comparative study of a live attenuated H2 strain in 143 healthy Indian children aged 1 to 12 y (mean age 4.87 C 2.76 years; 88 boys, 55 girls). Children were assessed for antibodies 2 months after the single dose of the vaccine. Overall, 137 children (95.8 %) developed protective antibodies > 20 mIU/mL. 20 In the follow up of this study, 131 evaluable subjects were monitored for anti-HAV antibodies 30 months after vaccination. The seroprotective antibody levels were found to be >20 mIU/mL with an overall GMT of 92.02 mIU/mL. It was reported that there were no hepatitis like infection observed in any of the patient. In the 10 y follow-up of the same cohort, 106 of 108 evaluable children had anti-HAV titres >20 mIU/mL, i.e., sero-protection rate was 98.15% (95% CI: 93.47%, 99.77%). Only 2 subjects had anti-HAV titres <20 mIU/mL (i.e., 11.5 mIU/mL and 13.5 mIU/mL). The GMT of anti-HAV antibodies in 2014 was 100.46 mIU/mL (95% CI: 87.44 mIU/mL, 115.43 mIU/mL). 37 Faridi et al. in a multi-centric study of 505 children aged 1.5 to 5 y conducted across 4 centers in India (Delhi, Mumbai, Kolkata and Chennai) concluded that the H2 vaccine was immunogenic and tolerable with minimal reactogenecity in a single dose schedule. At 6 weeks, 95.1 % of the children seroconverted and at the end of 6 months, 97.9 % had seroconverted. The authors while analyzing the age-wise seroconversion at 6 weeks and 6 months following single dose administration of the vaccine, further observed that the GMT at 6 weeks and 6 months were maximum in the age group 18-24 months. This indicated that the vaccine is highly immunogenic at an early age. Safety profile was also satisfactory in the study population. Both solicited and unsolicited vaccine induced local and systemic adverse events (SAEs) were insignificant at all the centers, except swelling and induration in a few subjects. 17 As an extension to this study, a follow up study was initiated further at first, second, third, fourth and fifth year post vaccination that demonstrated a sero-protection rate of 98.3%, 96.2%, 97.8%, 92.6% and 97.3%, respectively. The geometric mean concentration (GMC) over the years was recorded as 135.2 mIU/mL at 1 year, 124.6 mIU/mL at 2 years, 137.6 mIU/ mL at 3 years, 127.4 mIU/mL at 4 y and 127.1 mIU/mL at 5 y. The follow up study concluded that the vaccine was well tolerated and conferred long-term immunogenicity in Indian children.
In 2010, there was a change in the manufacturing site of the H2 vaccine with a change in the inactive stabilizers. Based on the requirements of the Indian regulatory authorities (Drug Controller General of India, DCGI), Bhave et al. initiated a bridging study across 2 centers in India (Pune and Kolkata). This open labeled, non-comparative, non-randomized study involving 137 children with a mean age of 4.09 C2.5 y concluded that live attenuated H2 strain hepatitis A vaccine is immunogenic and safe in Indian children. Eight weeks after a single dose of the vaccine, 136 subjects from both the centers developed protective antibodies >20 mIU/mL. The overall seroconversion rate was 99% (Kolkata: 100%, Pune: 98%). The haematological and biochemical parameters remained within normal limits. All the adverse events (AEs) were non-serious and mild in severity. 26 
Safety and tolerability of live attenuated Hepatitis A vaccine
Majority of the studies have reported live attenuated Hepatitis A vaccine to be safe and well tolerated. None of the studies reported any serious AE related to the vaccine. No patient was withdrawn from any of the study due to an AE. Long-term follow up studies also did not report any significant AEs. The most commonly observed AEs with the live attenuated HAV vaccine were fever, pain, redness, and swelling at the injection site which resolve within few hours or days.
In India, Bhave et al. reported mild fever in one child that lasted a few hours and subsided without any treatment. 16 Faridi et al. reported mild swelling and slight indurations in some children. 17, 20 Mitra et al. reported that 28 (20%) subjects in their study experienced at least one AE during the study period. All the AEs were mild in severity. In the 48 hours post vaccination observation period, systemic AEs were seen in 6 children (mild fever: 4; cough: 2) and local AEs in 4 children (local pain: 3; local swelling: 1). The AEs reported during the remaining study period were respiratory tract infection (5.1%), fever (6.5%), vomiting (0.7%), and gastroenteritis (0.7%). In the 5-year follow-up study of the same cohort, no significant AE was observed.
Comparison between live and inactivated vaccines
Previous studies have been conducted to compare the inactivated vaccines and live attenuated vaccines and found them to be similar in efficacy. Zhang et al. compared live attenuated and inactivated vaccine in 211 children aged 3 to 13 y randomly allocated to Group A injected with 3 doses at 0, 6 and 12 months; Group B was administrated 2 doses of live attenuated Hepatitis A vaccine at, and Group C was immunized with inactivated vaccine at 0 and 6 months. In all the groups, 100% of the children were seroconverted after the second dose. 38 In another study, Zheng et al. randomly allocated 841 children in 4 groups (H2 vaccine-204, Healive-208, Havrix-208, Control-217). On Day 7, the sero-conversion proportions were 25%, 35%, 27% and 2% (P < 0.0001) with GMC of 6 mIU/ml, 8 mIU/ml, 6 mIU/ml and 3 mIU/ml, respectively for the 4 groups. At 28 days, sero-conversion proportions were 98%, 100%, 93% and 3% (P < 0.0001) with GMC of 47 mIU/ml, 71 mIU, 67 mIU/ml and 3 mIU/ml, respectively. 21 Liu et al. compared immunogenicity among an inactivated hepatitis A vaccine with one-dose and 2 dose regimens, and 3 kinds of live attenuated vaccines in 924 children aged 1.5 to 6 y. It was observed that after 6 months the seroconversion with one dose of inactivated vaccine was 92.5 % and seroconversion with one dose of live attenuated vaccines ranged from 96.8% to 100%. After 12 months of vaccination, the seroconversion dropped to 91% with inactivated vaccine and ranged from 77% to 84% with live attenuated vaccines, the highest (84%) being with Biovac-A. 18 All these studies showed similar immunogenicity of live attenuated and inactivated hepatitis A vaccines, some of them showing a higher seroconversion rate with live attenuated vaccine after a single dose.
Discussion
Presence of anti-HAV antibodies or humoral response in an individual alone does not confer life-long immunity. Rather, long-term protection against HAV infection is related to the cellular immunity that persists even after the anti-HAV antibodies become undetectable. It implies that when vaccinated individuals are re-exposed to the HAV infection, an anamnestic response may prevent them from the disease.
14 Inactivated vaccines elicit a humoral and cellular response against the HAV and generally require a booster dose. 39 The main advantage of live attenuated vaccines is the activation of all phases of immune system; humoral response and cell-mediated response. The live vaccines have a widespread repertoire of antigens which may stimulate CD4 and CD8 T-cells and the non-classical gd and DN ab-T cells which mediate active protection against the infection. 40 Previous studies have suggested that a single dose of live attenuated HAV vaccine could induce both humoral and cell mediated immune response. 13, 23, [41] [42] [43] Further, live attenuated HAV vaccine is safe and effective and can provide long term protection against Hepatitis A with a single dose. There is an abundance of evidence in literature that supports the fact that live attenuated vaccine can provide long-term immunogenicity with a single dose. 25, 26, 34, 44 The long-term immunogenicity and effectiveness of live attenuated HAV (H2 strain) after one dose injection could last as long as for 15 y. 45 Global data showed that hepatitis A vaccination programs have remarkably decreased the incidence of HAV infection in countries like USA (rate of HAV infection per 1,000,000 population reduced from 12 in 1995 to 1.5 in 2005), Israel (resulted in sero-protective antibody concentrations among 100% of children), and Argentina. 28 The incidence of Hepatitis A reduced dramatically in the Chinese regions where the vaccine was used in mass and routine public immunization programs. 27, 46 Biovac-A (Zhepu) has been used in China from a long time, and has shown remarkable safety, immunogenicity, and long-term protection to millions of subjects. 47 With the available evidence, WHO in their 2012 position paper on hepatitis A, has recommended the use of H2 vaccine as a single dose. The WHO recommends that routine immunization programs in middle income countries like India are likely to be cost effective and should therefore be encouraged. Further, vaccination against HAV should be integrated into the national immunization schedule for children aged 1 year for countries with change in the endemicity from high to intermediate. 47 In 2014, Indian Academy of Paediatrics (IAP), updated their recommendations for H2 vaccine as a single dose as against the previous 2 dose schedule. This update was included in the recommendations of IAP after reviewing the published and unpublished long-term follow up data on immunogenicity and safety of the H2 vaccine from Indian studies. 49 The vaccination for hepatitis A is also recommended by the Advisory Committee on Immunization Practices (ACIP) for all children at age of 12-23 months and persons with high risk of hepatitis A such as travelers, drug addicts, homosexuals 50 and for any person wishing to obtain immunity. 51 However, large-scale hepatitis A vaccination is apt for cost-effectiveness and should be encouraged. Beside these, continued monitoring of anti-HAV antibodies is needed for a rational hepatitis A immunization strategy in developing countries like India.
Last but not the least, given the benefits of live attenuated Hepatitis A vaccine and considering epidemiological shift, fear of outbreaks and morbidity involved, a strategy should be designed to include the vaccine in the national immunization schedule. 
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